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DObjectives: The Fontan-type procedure has undergone 2 major modifications, including intra-atrial baffling and
extracardiac conduit. To clarify the effect of these modifications on arrhythmia propensity, we analyzed chrono-
logic changes in P-wave characteristics after atriopulmonary connection, intra-atrial baffling, or extracardiac con-
duit.
Methods: A retrospective analysis was conducted on electrocardiographic data from 40 patients with tricuspid
atresia who underwent the Fontan-type procedure and follow-up for greater than 5 years: 18 had atriopulmonary
connection, 13 had intra-atrial baffling, and 9 had extracardiac conduit. The mean follow-up period in years was
19.8 for atriopulmonary connection, 13.3 for intra-atrial baffling, and 8.0 for extracardiac conduit. We analyzed
chronologic changes in P-wave duration, dispersion, and amplitude and prevalence of sinus node dysfunction.
Results: Atrial tachyarrhythmia was documented in 9 patients with atriopulmonary connection but not in any
patients with extracardiac conduit or intra-atrial baffling. Both P-wave maximum duration and dispersion de-
creased slightly over time with extracardiac conduit but increased progressively in the intra-atrial baffling and
atriopulmonary connection groups. Intra-atrial baffling resulted in significantly shorter P-wave duration than at-
riopulmonary connection, whereas extracardiac conduit had significantly shorter P-wave duration and smaller
dispersion than atriopulmonary connection and intra-atrial baffling. P-wave amplitude decreased markedly imme-
diately after surgical intervention with intra-atrial baffling and extracardiac conduit but remained unchanged in
patients undergoing atriopulmonary connection. Sinus node dysfunction was found commonly in all 3 groups.
Conclusion:After intra-atrial baffling, patients increasingly had prolonged P-wave duration and larger dispersion
associated with sinus node dysfunction, suggesting a propensity to arrhythmia, although less progressive than
seen in those undergoing atriopulmonary connection. In contrast, despite an equal prevalence of sinus node dys-
function after extracardiac conduit, the lack of important changes in P-wave characteristics over time suggests that
the extracardiac conduit procedure is the preferred option for optimal rhythm prognosis. (J Thorac Cardiovasc
Surg 2010;140:137-43)P-wave characteristics have been shown to reflect structural
and electrical remodeling of the atrium. In particular, 2 simple
indices, P-wave duration and P-wave dispersion, are
established as useful markers for predicting atrial tachyar-
rhythmia in various clinical settings.1-4 A prolonged P-wave
duration is known to be associated with fragmented and
prolonged atrial activation that could provide the substrate
for re-entrant atrial tachyarrhythmia. Similarly, P-wave dis-
persion, defined as the difference betweenmaximumandmin-
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The Journal of Thoracic and Caelectrocardiograms, has been reported to be significantly
greater in patients with atrial tachyarrhythmia, with this
increased dispersion indicating nonuniform, anisotropic, and
inhomogeneous atrial conduction.1 We have previously
investigated the chronologic changes in P-wave characteris-
tics after the classic atriopulmonary connection (APC) type
of Fontan procedure and demonstrated that, late after the
procedure, patients commonly had prolonged P-wave dura-
tion and larger P-wave dispersion before the onset of atrial
tachyarrhythmia.5
The purpose of this study was to conduct a consecutive
review of 12-lead electrocardiograms and 24-hour Holter
recordings after either APC, intra-atrial baffling (IB), or
extracardiac conduit (EC) Fontan modifications and to com-
pare these among the 3 groups. This review will clarify the
effect of these surgical modifications on P-wave characteris-
tics, sinus node function, and rhythm prognosis.
MATERIALS AND METHODS
Study Population
The primary enrollment criterion for this study was either simple tricus-
pid atresia or stenosis in the setting of situs solitus. In addition, patients with
less than 5 years of follow-up were excluded. Between October 1979 andrdiovascular Surgery c Volume 140, Number 1 137
Abbreviations and Acronyms
APC ¼ atriopulmonary connection
EC ¼ extracardiac conduit
IB ¼ intra-atrial baffling
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DDecember 2001, a total of 245 patients underwent the Fontan procedure at
the National Cardiovascular Center, with 64 having tricuspid atresia or se-
vere tricuspid stenosis in the setting of situs solitus. Fifty-six patients sur-
vived and were discharged, with 3 of these survivors dying within 5 years
of surgical intervention. Twelve patients had less than 5 years of follow-
up. One patient who had a catheter ablation for Wolff–Parkinson–White
syndrome before the Fontan procedure was excluded, resulting in 40 pa-
tients being included in the review of the clinical and electrocardiographic
data. Because this was a single-center retrospective study with anonymous
data, individual informed consent was waived.
The serieswas divided into 3 cohorts based on the surgical procedure.APC
was used in the early era, and then in 1987, we adopted total cavopulmonary
connection by means of IB, followed by EC in 1996. Therefore of the 40 pa-
tients enrolled in this study, 18were in theAPCgroup, 13were in the IBgroup,
and 9 were in the EC group. The 18 patients in the APC group were also in-
volved in our previous study, with all data being re-evaluated and updated.5
The preoperative clinical characteristics of the 3 groups are summarized
in Table 1. The mean age at the time of the Fontan procedure was 5.3 4.8
years for the APC group, 3.9  2.1 years for the IB group, and 1.3  0.4
years for the EC group. There were significant differences in age and
body weight at the time of the Fontan procedure among the 3 groups but
no significant differences in the other preoperative parameters. All the pa-
tients were in sinus rhythm before the surgical procedures. Fourteen patients
undergoing APC, 13 patients undergoing IB, and 5 patients undergoing EC
had prior palliative procedures. One patient in the APC group underwent
a classic Glenn anastomosis, and 2 patients in the IB group underwent stag-
ing bidirectional cavopulmonary anastomosis. Therefore a single-staged
Fontan procedure was performed in 17 patients in the APC group, 11 pa-
tients in the IB group, and 9 patients in the EC group.
The mean duration of follow-up was 19.8  4.5 years (range, 10–27
years) in the APC group, 13.3  1.3 years (range, 11–15 years) in the IB
group, and 8.0  1.5 years (range, 6–10 years) in the EC group. Annual
follow-up was complete in all but 2 of the patients undergoing APC; 1 pa-
tient withdrew from routine follow-up 10 years after the initial Fontan
procedure, and the other had less frequent follow-up.
Surgical Techniques
In the early era, 18 patients underwent the APC Fontan procedure. Fon-
tan circulation was established by means of direct anastomosis between the
pulmonary artery and the right atrial appendage, and closure of the intra-
atrial communication was established by means of direct suturing or the
patch technique.5
In 1987, we introduced total cavopulmonary connection using IB, which
consists of a longitudinal right atrial incision and construction of a polytetra-
fluoroethylene or heterologous pericardial baffle connecting the inferior
caval vein along the anterior wall to the tip of the right atrial appendage
into the pulmonary artery. In contrast with the original lateral tunnel proce-
dure, a patch was placed anteriorly so that the sinus node was not only at a
minimum risk of surgical injury but was also placed within the low-pressure
atrial chamber, with the aim of minimizing future sinus node dysfunction.6
A bidirectional cavopulmonary anastomosis was constructed at the same
time in all patients, with the exception of 2 patients who had a previous
bidirectional cavopulmonary anastomosis.
We introduced the EC Fontan-type procedure in 1996. EC involves sep-
arating the inferior caval vein from the right atrium and anatomizing an ap-138 The Journal of Thoracic and Cardiovascular Surgpropriately sized conduit in an end-to-end fashion with the inferior vena
cava. The conduit is then anastomosed to the underside of the pulmonary
arteries. The conduit consisted of an autologous pericardial roll in 5 patients
and an 18-mm polytetrafluoroethylene graft in 1 patient.7 In the other 2 pa-
tients, the inferior caval vein was connected directly to the pulmonary artery
without a conduit.8 Cardiopulmonary bypass was not used in 6 patients.9
A bidirectional cavopulmonary anastomosis was constructed at the same
time in all the patients.
Concomitant procedures were required in 6 patients. One patient in the
APC group with a previous Glenn anastomosis underwent reconstruction
of the confluent pulmonary arteries, 2 patients in the IB group and 1 patient
in the EC group underwent the Damus–Kay–Stansel procedure, and the
other 2 patients in the EC group underwent resection of subaortic stenosis.
No fenestration was created in any of the 3 groups.
Analysis of Electrocardiographic Markers
Consecutive 12-lead surface electrocardiograms were examined retro-
spectively in all 40 patients from the early preoperative period to the latest
follow-up. The mean number of electrocardiograms per patient included in
this analysis was 15.7  8.1 in the APC group, 14.4  3.6 in the IB group,
and 8.2  2.2 in the EC group. A total of 543 electrocardiograms were in-
vestigated. The methods for measurement of electrocardiographic markers
were the same as described in our previous report.5 Briefly, we measured
P-wave duration, dispersion, and amplitude simultaneously in all 12 leads.
Maximum and minimum P-wave durations in all 12 electrocardiographic
leads were then calculated. P-wave dispersion was defined as the difference
between the maximum and minimum P-wave durations of an individual
electrocardiogram,1 whereas P-wave amplitude was measured in the lead
II as the absolute value from the isometric baseline to positive and negative
maximum deflection. Biphasic P-wave amplitude was defined as the sum of
both the absolute values of positive and negative deflections.10
Sinus Node Dysfunction
All 12-lead electrocardiograms and 24-hour Holter recordings were re-
viewed. The 24-hour Holter recordings were recorded at least every 5 years
during the follow-up period in all the patients except for 1 in the IB group
and 1 in the EC group. The mean number of Holter recordings included in
this analysis was 6.4 3.5 in the APC group, 4.9 3.2 in the IB group, and
2.0  1.1 in the EC group. In accordance with previously established crite-
ria, sinus node dysfunction was diagnosed when more than 1 of the follow-
ing 3 characteristics were found in either the 12-lead electrocardiograms or
Holter recordings: (1) the presence of junctional rhythm, (2) a sinus pause
duration of 3 seconds or greater with or without an escape rhythm, or (3)
bradycardia of 2 standard deviations or more below the age-adjusted heart
rate without the use of antiarrhythmic drugs.11-15 The time to sinus node
dysfunction was defined as the time to the first episode documented after
the immediate postoperative period.
Data Analysis
The continuous variables are expressed as the mean  1 standard devia-
tion. The cumulative event-free ratewas estimated byusing theKaplan–Meier
method. Comparison of patient characteristics among the 3 groups was
carried out with either the Kruskal–Wallis test or ANOVA, as appropriate.
Changes in electrocardiographic markers were analyzed by using a general
linear mixed model, with years as the fixed effect and patients as the random
effect. When a patient had more than 1 measurement within a year, the value
of the first measurement was used. All statistical tests were conducted with
SAS Statistical Software version 8.02 (SAS Institute Inc, Cary, NC).
RESULTS
Arrhythmia
No patient in any of the 3 groups died during the follow-
up period. Although no patient in the IB or EC groups had anery c July 2010
TABLE 1. Preoperative clinical characteristics and P-wave characteristics
APC (n ¼ 18) IB (n ¼ 13) EC (n ¼ 9) P value
Age (y) 5.3  4.8 3.9  2.1 1.3  0.4 .001
Weight (kg) 16.6  9.3 12.6  3.9 8.8  1.8 .001
SaO2 (%) 81.8  7.2 80.8  4.7 79.1  1.7 .577
Mean PAP (mm Hg) 12.4  4.4 15.0  5.4 16.3  3.9 .120
Qp/Qs 1.72  0.75 1.48  0.63 1.43  0.39 .526
LVEDV (%) 203.9  57.0 199.0  47.3 174.2  27.9 .333
LVEF (%) 50.8  15.8 64.5  10.7 63.9  7.9 .356
Heart rate (beats/min) 107.2  4.6 123.4  5.6 118.8  6.5 .077
Maximal P-wave duration (ms) 111.6  3.4 115.0  4.2 112.0  4.8 .805
P-wave dispersion (ms) 43.1  2.6 51.3  3.2 42.7  3.7 .110
P-wave amplitude (mV) 2.52  0.26 3.27  0.33 3.03  0.36 .193
P-wave axis 38.3  3.8 42.0  4.5 36.8  5.4 .733
APC, Atriopulmonary connection; IB, intra-atrial baffling; EC, extracardiac conduit; PAP, pulmonary artery pressure; Qp/Qs, pulmonary/systemic blood flow ratio, LVEDV, left
ventricular end-diastolic volume; LVEF, left ventricular ejection fraction.
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Datrial tachyarrhythmia, 9 patients in the APC group had this
condition, as described in detail in our previous report.5
Freedom from atrial tachyarrhythmia in the APC group
was 88.5%  7.6% at 10 years, 65.0%  11.6% at 15
years, and 41.2% 13.2% at 20 years (Figure 1, A). Twelve
patients in the APC group underwent conversion to total
cavopulmonary connection with antiarrhythmic surgery,
and 1 patient underwent catheter ablation, as describedFIGURE 1. A, Freedom from atrial tachyarrhythmia. The cumulative
event-free rate was estimated by using the Kaplan–Meier method. B, Free-
dom from sinus node dysfunction. The cumulative event-free rate was esti-
mated by using the Kaplan–Meier method. APC, atriopulmonary
connection; IB, intra-atrial baffling; EC, extracardiac conduit.
The Journal of Thoracic and Ca
Cpreviously.5 No patient in the IB and EC groups required
permanent pacemaker implantation, whereas 2 patients in
the APC group underwent such an implantation after the
conversion procedure.
P-Wave Characteristics
There were no significant differences in preoperative
P-wave characteristics among the 3 groups (Table 1). Max-
imum P-wave duration increased progressively over time in
the patients with APC and IB but decreased slightly in the
patients with EC (Figure 2). The patients with IB had signif-
icantly shorter maximum P-wave durations than the patients
with APC (P ¼ .001). The patients with EC also had signif-
icantly shorter maximum P-wave durations than the patients
with APC (P< .001) and the patients with IB (P ¼ .011).
Similarly, P-wave dispersion increased progressively over
time in the APC and IB groups but decreased marginally
in the EC group. There was no significant difference in
P-wave dispersion between the APC and IB groups, whereas
the EC group had significantly shorter P-wave dispersions
than the APC (P ¼ .004) and IB (P ¼ .022) groups.
P-wave amplitude remained unchanged for a period in the
APC group and then decreased gradually approximately
15 years after surgical intervention. In contrast, in the IB
and EC groups P-wave amplitude decreased dramatically
immediately after surgical intervention and subsequently
remained at these low levels.
Sinus Node Dysfunction
None of the 3 groups had sinus node dysfunction at the
time of hospital discharge. Sinus node dysfunction was ob-
served in 20 patients during follow-up: 9 in the APC group,
8 in the IB group, and 3 in the EC group (Figure 1, B). All of
these patients had bradycardia with a heart rate of 2 standard
deviations or greater below the age-adjusted heart rate, with
the exception of 1 patient with EC who had a frequent junc-
tional rhythm. There was no significant difference in the
prevalence of sinus node dysfunction among the 3 groups.rdiovascular Surgery c Volume 140, Number 1 139
FIGURE 2. Chronologic changes in P-wave characteristics. Changes in maximum P-wave duration and P-wave dispersion were analyzed with the general
linear mixed model, with years as a fixed effect and patients as a random effect. x, Years after surgical intervention. APC, Atriopulmonary connection;
IB, intra-atrial baffling; EC, extracardiac conduit.
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DDISCUSSION
The occurrence of atrial tachyarrhythmias as a conse-
quence of complex atrial scars and abnormal atrial wall
stress after APC was the predominant reason for modifica-
tion of the Fontan procedure. This led to the development
of the IB procedures, such as the lateral tunnel procedure.16
However, this technique involves extensive suture lines in
the atrium and has the potential to cause atrial distension,
which might lead to sinus node dysfunction, atrial tachyar-
rhythmia, or both, even when the part of the atrium placed
under high pressure is limited.17 In contrast, the EC proce-
dure, the most recent modification of the technique, leaves
the entire atrium at low pressure and avoids significant su-
ture lines. Theoretically, the EC procedure should therefore
have a lower risk for sinus node dysfunction and atrial tachy-
arrhythmia. The IB and EC procedures have been shown to
reduce the incidence of atrial tachyarrhythmia compared
with the APC procedure18; however, detailed electrocardio-
graphic investigations are still scarce.
We showed previously that there was a progressive
increase in both P-wave duration and dispersion over time
after the APC Fontan procedure, which preceded the onset
of symptomatic atrial tachyarrhythmia.5 Although less
prominent than the APC procedure, a similar trend was
noticed in the patients undergoing IB. Because this study140 The Journal of Thoracic and Cardiovascular Surgis a chronologic analysis of changes in P-wave characteris-
tics over a long period since childhood, age-related influ-
ences on P-wave characteristics need to be taken into
consideration. It has been reported that P-wave duration cor-
relates with age because of an age-related delay in atrial con-
duction.19 However, the increase in P-wave duration we
observed over time in the APC and IB groups was obviously
more than an age-related increase. Wong and colleagues4
suggested that a P-wave duration of greater than 134 ms
and a P-wave dispersion of greater than 66 ms had good sen-
sitivity and specificity for identifying patients undergoing
the Fontan procedure with a history of atrial tachyarrhyth-
mia. The majority of patients in the APC and IB groups
were approaching these criteria late after the Fontan proce-
dure. On the basis of this finding, it is highly probable that
the patients in the IB group had a predisposition to atrial
tachyarrhythmia, although not as progressive as seen in
the APC group. In clear contrast, there was a decreasing ten-
dency in both P-wave duration and dispersion in the EC
group, which suggests that patients in the EC group are
less prone to atrial tachyarrhythmia.
There was an intriguing difference in the change in
P-wave amplitude between the IB/EC and APC groups. In
the APC group the P-wave amplitude remained unchanged
and then gradually decreased approximately 15 years afterery c July 2010
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Dsurgical intervention. Li and colleagues20 reported that a pro-
gressive broadening of P-wave duration and a decrease in its
amplitude commonly preceded the occurrence of atrial
tachyarrhythmia in patients with adult congenital heart dis-
ease. Our findings in the APC group are consistent with their
findings. On the other hand, the IB and EC groups had a com-
pletely different pattern because the P-wave amplitude de-
creased dramatically after surgical intervention and
remained low. Kavey and coworkres13 reported similar find-
ings in a study of patients after the lateral tunnel Fontan pro-
cedure and speculated that this decrease in amplitude might
have been related to alterations in conduction in the presence
of the intra-atrial baffle and extensive suture lines. However,
in the present study this trend was present not only in the IB
group but also in the EC group, where the atrial suture line
should be minimal. It can be argued that this different pattern
in P-wave amplitude between the APC and IB/EC groups
might be related to the degree of pressure load, volume
load, or both to the atrium; however, the data in this study
did not address this possibility.
This study demonstrates that patients who undergo either
the IB or EC Fontan procedure can have a significant inci-
dence of sinus node dysfunction, although none of these pa-
tients required any treatment during follow-up. Sinus node
dysfunction after the Fontan-type operation is generally con-
sidered to result from direct injury to the sinus node, its
blood supply, or both. Accordingly, we made a technical
modification to the IB procedure to avoid injury to the sinus
node. We used the anterior wall of the atrium as the Fontan
pathway and placed the sinus node within the low-pressure
atrial chamber to avoid chronic pressure load to the sinus
node.6 In the EC procedure, which is our current preference,
the risk of damage to the sinus node should be theoretically
minimal. However, contrary to our expectations, we could
not show any advantage of these 2 surgical modifications
over the APC procedure for maintaining healthy sinus
node function. The incidence of sinus node dysfunction after
the Fontan-type procedure might also be affected by the
technique used for the superior cavopulmonary connections.
All of the patients in the IB and EC groups in this series had
a bidirectional cavopulmonary anastomosis. The perfor-
mance of this anastomosis might result in manipulation of
the sinus node or impairment of its arterial supply, such
that the patient is at increased risk of sinus node dysfunction,
although this risk should be less than that for the hemi-
Fontan procedure.14,15 Another possible explanation for
surgical damage to the sinus node is repeated dissections
around the sinus node during multiple surgical
procedures.14 However, in this particular series 37 of the
40 patients had the Fontan procedure in a single-staged fash-
ion, and therefore repeated dissection was unlikely to be
a contributing factor to sinus node dysfunction. With regard
to sinus node dysfunction related to surgical damage, pa-
tients typically have sinus node dysfunction in the earlyThe Journal of Thoracic and Capostoperative period.14,15 In this study sinus node
dysfunction was not observed in any of the 3 groups
during the early postoperative period. This finding might
be inconsistent with the hypothesis that in our study
population surgical damage to the sinus node was
a dominant mechanism predisposing to late sinus node
dysfunction. Sinus node dysfunction can also be caused by
impairment of cardiac autonomic nervous activity. In all
types of the Fontan procedure, there is some unavoidable
damage to cardiopulmonary nerves around the vessels and
atrium.21 Some investigators have suggested that, in addi-
tion to surgical damage, specific hemodynamic changes in
the Fontan circulation, characterized by low cardiac output
and high venous pressure, might be responsible for the
diminished autonomic nervous activity.22
The clinical implication of sinus node dysfunction that
occurs late in patients after the Fontan procedure is contro-
versial. Blaufox and associates23 reported that bradycardia,
although common, was not associated with decreased func-
tional status in this setting. They speculated that a low resting
heart rate might confer mechanical advantages to the Fontan
ventricle in the context that longer diastolic filling times sup-
port the preload dependency of the Fontan circulation or im-
prove load-independent diastolic mechanisms. However,
regarding rhythm prognosis, it is generally considered that
sinus node dysfunction predisposes patients to the develop-
ment of atrial tachyarrhythmia, particularly in combination
with chronic pressure load and extensive suture lines in the
right atrium, followed by formation of scar tissue.13-15,17
Currently, sinus node dysfunction per se is known to af-
fect P-wave characteristics. Sinus node dysfunction with
prolonged intra-atrial and interatrial conduction times has
been observed to cause abnormalities in the morphology
and duration of the P-waves.2 Also, P-wave characteristics
were found to be good markers for predicting atrial tachyar-
rhythmia in patients with sinus node dysfunction.3 The high
prevalence of sinus node dysfunction we observed in the IB
group is consistent with the trend of P-wave characteristics,
both of which suggest a risk of future atrial tachyarrhythmia.
In contrast, we also noticed that sinus node dysfunction was
common in the EC group; however, judging from the chro-
nologic progress of the P-wave characteristics, we anticipate
that this cohort has a lower risk of atrial tachyarrhythmia.
A longer duration of follow-up of these patients is clearly
indicated.
Study Limitations
There were several important limitations to the study de-
sign. First, this was a retrospective study of a relatively small
number of patients.
Second, the series was not concurrent because of impor-
tant modifications of the surgical technique during the study
period. This study was a comparative investigation based on
different follow-up intervals. However, analysis of P-waverdiovascular Surgery c Volume 140, Number 1 141
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a similar result: a tendency for P-wave duration and disper-
sion to increase in the APC and IB groups and decrease in
the EC group.
Third, the 3 groups differed considerably in age at the time
of the Fontan procedure. We have moved toward establish-
ing the Fontan circulation at an earlier age (1–2 years) on
the basis that earlier unloading of the single ventricle and
elimination of cyanosis might have important effects on
long-term performance of the ventricle and rhythm progno-
sis.6,17,24 Although there was no significant difference in
preoperative P-wave characteristics, in this study we did
not address the effect of Fontan completion on rhythm
prognosis at this younger age. However, when the analysis
was performed with data only from patients less than
3 years old (4 in the APC group, 7 in the IB group, and 9
in the EC group), the results were similar.
Fourth, because cardiac morphology can affect P-wave
characteristics, we limited the study population to patients
with simple tricuspid atresia or stenosis, with the aim of ob-
taining a homogeneous morphologic background. Another
reason for the patient selection in the study was the fact
that the target anatomy for the Fontan procedure has clearly
been expanded over time. In the 1970s and early 1980s, the
most common anatomy was tricuspid atresia, whereas we
now operate on patients with more complex anatomies.
Therefore to compare the 3 types of Fontan procedures,
we selected simple tricuspid atresia as the study population.
Finally, there was a potential methodological problem in
the manual measurement of P-waves, which might have re-
stricted the accuracy and reproducibility of the measure-
ments.25 However, this method has been performed and
accepted previously by other investigators.3,4
CONCLUSIONS
After the IB procedure, patients commonly and increas-
ingly experience prolonged P-wave duration, large P-wave
dispersion, and sinus node dysfunction. This suggests that
the IB procedure, although less progressive than the APC
procedure, has the propensity to cause atrial tachyarrhyth-
mias. In spite of a high prevalence of sinus node dysfunction
after the EC procedure, the trend for relatively stable P-wave
characteristics over time supports the use of the EC proce-
dure as the preferred option for the Fontan procedure.
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DDiscussion
Dr Charles B. Huddleston (St Louis, Mo). This study is re-
markable in a couple of respects. One is that the single-ventricle di-
agnosis was the same for all study groups. Given the heterogeneity
of all patients that end up going through the Fontan pathway, that
has eliminated some of the confounding factors in the analysis by
focusing on this one diagnostic group.
The other interesting aspect, or the remarkable aspect, about this
study is that it took someone, perhaps you, Dr Koh, to go through
the mind-numbing task of reviewing hundreds of electrocardio-
grams measuring these P-wave durations and dispersions because
I do not know that there is an automated way to do that. When I
spoke with our cardiologists about it, I was informed that it could
be done only by hand. Therefore you can imagine the time involved
in that particular task.
I do not think anybody is surprised that there would be this find-
ing about the APC type of Fontan procedure given what we know
about the incidence of atrial arrhythmias after that particular mod-
ification of the Fontan operation.
I think that the other confusing part about this is that the duration
of follow-up plays a major role in the incidence of arrhythmias
found in these patients. No specific arrhythmias were found in
the intracardiac baffle group. There was just this concern based
on the measurements of the P-wave duration and dispersion that
raised further concerns about the possibility of arrhythmia develop-
ment in the future.
Therefore we really are trying to decide as a group, I suppose, or
perhaps individually, whether the intracardiac baffle or the extrac-
ardiac Fontan procedure are the better of the 2 options. I came to
this meeting with my own preconceived notions, listened to the pro-
gram at the postgraduate course yesterday, began to think that
maybe things should be done differently at our center, heard this,
and now I am back to where I was before. Therefore I am not quite
sure where we should be going with all this.
The question that I have for you really is just one about this
study. Specifically, where is the suture line placed for the intracar-
diac baffle? At least in the research we did in our laboratory, that
was a critical aspect of our study, at least in the acute setting, as
to how the atrial conduction was affected by that particular type
of technique. You mentioned that you placed the suture lines for
this baffle on the anterior aspect of the atrium, but could you relateThe Journal of Thoracic and Cathat a little bit to where you make the atriotomy and the linea termi-
nalis of the right atria?
Thank you very much. It was a very good presentation.
Dr Koh. Thank you, Dr Huddleston.
In the IB procedure, first we made an ordinary right atriotomy
from the tip of the appendage toward the inferior vena cava parallel
to the atrioventricular groove. Then we put the looser edge of the
baffle patch along the inferior vena caval orifice and then up to the
line parallel to the atriotomy. Then we connected the tip of the ap-
pendage to the pulmonary artery together with the superior edge
of the patch. Finally, we closed the incision line together with the
other lateral edge of the patch. Therefore in the IB procedure we
have 4 suture lines: one is along the inferior vena caval orifice, 2 par-
allel lines are on the anterior aspect of the right atrial wall, and an-
other line is on the anastomosis site between the appendage and
the pulmonary artery. None of these lines are crossing the terminal
crista. The sinus nodewas placed in the low-pressure atrial chamber.
Dr Carl L. Backer (Chicago, Ill). First, I want to congratulate
you on a great study. In particular, this information is quite useful in
patients who are candidates for a Fontan conversion. The P-wave
analysis, as you previously reported, can be a predictor of when
these patients are going to have atrial arrhythmias and become
a candidate for Fontan conversion operation.
The question I wanted to focus on here was that I noticed that
you had a relatively high incidence of sinus node dysfunction after
the Fontan procedure. I think that if you critically look at patients
who have had any of the Fontan-type procedures, sinus node dys-
function does develop, as happened in your series.
We have been proactive in this area, working in collaboration
with our electrophysiologists. At the time of the primary Fontan
procedure, we now place an epicardial atrial pacing lead, which
we might or might not use in the perioperative period. However,
over a period of time, many of those patients have had sinus
node dysfunction, and we have then gone back and simply put in
a pacemaker generator. You already have the lead, and therefore
you do not have to open up the sternum again.
Given the high incidence of sinus node dysfunction in your se-
ries, what do you think about our strategy of routinely placing a pro-
phylactic atrial epicardial pacing lead at the time of the primary
Fontan procedure?
Dr Koh. We do not use permanent epicardial pacing leads on
a routine basis. None of the patients in our center have had prophy-
lactic pacemaker implantation at the time of the Fontan procedure.
All patients who had sinus node dysfunction in the IB and EC
groups in this series have been asymptomatic and free from atrial
tachyarrhythmia thus far. I am personally reluctant to put a perma-
nent pacing system in asymptomatic patients. I can agree that pac-
ing can suppress atrial tachyarrhythmias, but there is a controversy
about whether pacing is beneficial to the Fontan circulation.rdiovascular Surgery c Volume 140, Number 1 143
